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Scrub typhus is a febrile illnessca u-d by cke-tsic,
tsutsugamushi, the vectors of which are lagval stages of trombiculid mites,
frequently referred to as chiggers.

Although the disease was originally reported only from restricted
areas in Japan, it is now known to have a widespread distribution within a
large triangular area bounded by Siberia in the north, Australia in the
south, and Pakistan in the west. The distribution of the disease paral-
lels that of known vector mites.

Scrub typhus gained military importance among both Allied and Japan-
ese forces during World War II. Records are incomplete on casualties
suffered from the disease by Japanese forces, but estimates approaching
30,000 have been made (1). Among Allied forces, available statistics in-
dicate that approximately 18,000 casualties occurred (2). Of 11,000 cases
for which adequate data are available, there were nearly 650 deaths. In
American troops, case fatality rates varied in different epidemics between
less than one percent and thirty-five percent. Scrub typhus seriously
jeopardized the operational efficiency of military units in which the
sudden outbreaks occurred. In Vietnam, scrub typhus was a leading cause

7' of fever of unknown origin in US soldiers (3,4).

The lack of an effective vaccine for scrub typhus has caused other
methods of prevention to be considered. One method, dating from the
1940's, is chemoprophylaxis with antibiotics. Once weekly 4g doses of

... chloramphenicol were shown to provide successful scrub typhus prophylaxis
" if taken for a minimum of four weeks after exposure (5). Recognition of

the risk of dose-related and idiosyncratic bone marrow toxicity, however,
now precludes the prophylactic use of this antibiotic (6,7).

Tetracyclines are currently the drugs of choice for therapy of scrub
typhus (8). In this group, doxycycline and minocycline have the most

DTIC ,8poBftlaN 0T 7 m/20ELECTE Dixtdbufion hsie

JUL2 2 2ME

S B .8207 19,/205



TWARTZ, SHIRIA SELVARAJU, SAUTDERS, HUXSOLL, & GROVES

potentialfor prophyactic use because they have the longest half-lives
and are the most active against gram negative bacilli (9). Whereas
doxycycline is relatively free of serious side effects, minocycline has
been associated with vestibular toxicity (10). Prophylactic doxycycline
has been safely used in the prevention of traveller's diarrhea (11),
acute exacerbations of chronic bronchitis (12), and infections after
abdominal surgey (13). Doxycycline in single doses has already been re-
ported to be effective treatment for two rickettsial diseases, scrub
typhus (14) and louse-borne (epidemic) typhus (15).

">Recently, doxycycline was used in a large scrub typhus prophylaxis
study in Taiwan (iY.The drug was well tolerated and apparently effec-
tive, but interpretation of the results of this study is hampered by the
low incidence of scrub typhus in the control subjects and the failure of
some treated sub ects to comply with the prophylactic regimen.

We also have studied the efficacy of doxycycline as a prophylactic
drug for scrub typhus. In our prospective, randomized, double-blind,
placebo-controlled study, volunteers were given weekly 200 mg doses of
doxycycline and deliberately infected. Additionally, we tested the
efficacy of a single dose of doxycycline in the therapy of early scrub
typhus. The results of these studies form the basis of this report j

Materials and Methods /

Volunteers. The study population comprised 16 Malaysian and four
American male members of our laboratory staff, ages 27-48 years. The
volunteers were examined by an independent physician to determine their
fitness to participate in the study. They were then divided by him into
two similar groups according to several criteria: racial origin, age,
body weight, and pre-existing antibody to Rickettsia tsutsug aushi as
measured by the indirect fluorescent antibody (FA) test (17). Three
placebo and two doxycycline subjects had pre-existing antibody (titers
<1:50) to R. tsutsugamushi. All subjects were given single test doses
of 200 mg doxycycline and 500 mg tetracycline hydrochloride before the
start of the study to check for immediate hypersensitivity to either drug.

Infection. Our laboratory maintains a colony of Leptotrombidium
fletcheri mites (18) infected with R. tsutsugamushi (19). The volunteers
were infected by allowing chiggers from this colony to feed on them (20).

Prophylactic regimen. Doxycycline 100 mg capsules and identical
looking placebo capsules containing calcium lactate were generously
supplied by Pfizer (Japan). Subjects in the doxycycline group each re-
ceived a single, weekly 200 mg oral dose of doxycycline for seven doses.
The antibiotic was given under supervision after breakfast. The control
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group. received-.their-placbo c apules under_ the- same- circumstances.__No_
other medications were allowed to be taken during the study except that
dextropropoxyphene napsylate 100 mg (Eli Lilly) was available as an
analgesic. Because this drug does not have an antipyretic effect (21),
there was no masking of febrile responses in the volunteers.

Surveillance andA crtera..or AJAmtoga ._All sub ects were examined
daily, and oral temperatures were recorded twice daily. Upon completion
of the seven-week course of prophylaxis, the remaining healthy volunteers
were kept under clinical sur1eillaance.or.K further four weeks. During
the prophylaxis period,-3enaus-hlodasdrwnevery three days for

;standard hematological and biachemkal ±eats, indirect FA, and rickettsial
isolation. Subsequently, blood was drawn every week for two months. In-
direct FA was measured against each of eight prototype strains of R.
" tsutsugamushi Karp- Kato- .l114sm. TA679, TA6AR6 TA716 TA7MI nA
...T81L._ters.o irr p r . aa the rxeprcal of the highest positive
serum dilution. A change in the indirect FA titer from zero (<25) to 50
or a four-fold rise between initial and subsequent sera was considered
significant.

For rickettsial isolation, 0.2 ml of each blood sample was inoculated,
ip into three adult white mice. Twenty-eight days later, surviving mice
were challenged ip with 103 mouse LD 0 of the Karp strain of R. tsutsu-
gamushi. Death after the first inoculation or survival after the challenge
indicated the presence of R. tsutsusamushi in the original blood specimen
(22). Further aliquots of each venous blood sample were stored at -70C.
Subsequently, 0.2 ml of each blood sample was inoculated ip into five
glycogen-treated mice. When these animals became sick or on day 14,
peritoneal cells were harvested and examined for R. tsutsusamushi by the
direct FA (23) test.

A clinical diagnosis of scrub typhus was based on either (1) co-
existence of two or more of the cardinal signs - eschar, generalized
lymphadenopathy, hepatomegaly and/or splenomegaly, and rash - or (2)
fever greater than 37.6C for more than 48 hours.

Subjects considered to have scrub typhus on clinical grounds were
treated on the third day of their illness with a single 200 ug oral dos
of doxycycline. Recovery from scrub typhus was defined as absence of
symptoms and a 24-hour period with temperature less than 37.2C. Relapsc
was defined as the presence of fever greater than 37.6C for 24 hours or
the recurrence of fever in any two consecutive 24 hour periods after
apparent recovery from scrub typhus. Therapy for relapse was tetra-
cycline hydrochloride 500 us sixth hourly for seven days.
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Statistics ... Prior .to_ the study,-. an-eastimate--of-.the-required-group.--
sizes was made, using various infection rates for the placebo and drug
group and a significance level of p - 0.01. For example, if the disease
rates in placebo and drug groups were 0.8 and 0.2 respectively, eight
subjects would be needed in each group for a significance level of
p - 0.01. We chose 20 volunteers as a minimum number to allow for the
possibility that-some olunteersmight! id thraw- fcthe- study. Our
results were analyzed in a two-tailed test of significance by Fisher's

exact probability test.

Results

Chigger attachment. The day after the first dose of prophylaxis, a
small plastic capsule (24) was glued to the medial aspect of the thigh
S of eachvolunteer. AThd nvt -nv n ,,h-aeienc of tb. ,,lona-n
" heckedand t-n eh48 .rvn twern .r1e, 4in emar capsule. The chiggers were
observed under a dissecting microscope for 15 minutes, by which time some
had begun to attach in about half the volunteers. A dampened cotton swab
was placed in the capsule to prevent dessication of the chiggers, and the
cover of the capsule was taped closed. For those volunteers with slow
attachment, the chiggers were replaced with a fresh batch and observed.
In this way, 16 volunteers had chiggers attached on the third day after
prophylaxis was started. Attachment and condition of the chiggers were
rechecked later in the day. The four volunteers (two from each treatment
group) with no chigger attachment had fresh chiggers inserted in the late
afternoon and left overnight. The following day all of these volunteers
had some chiggers attached.

Between two and 13 (mean 8.5) chiggers attached to each volunteer
and between two and 13 (mean 7.1) engorged chiggers were recovered 48
hours after attachment. Direct FA staining of these engorged chiggers
(25) showed all to be infected with R. tsutsusamushi.

Prophylaxis period. No significant adverse effects from doxycycline
were reported. Mild epigastric discomfort was noted after one dose by twoj
subjects; one other dose was vomited by one of these subjects and was
repeated.

Starting between the third and ninth days post chigger attachment
(PCA), all subjects, except three receiving doxycycline, developed tender
inguinal lymphadenopathy adjacent to the site of chigger attachment. The
three remaining subjects had similar findings during the succeeding eight
days. By day 7 PCA, all the placebo group and two of the drug group had
a small, indurated, erythematous nodule at this site. In none of the drug
group did this progress, whereas in all but one of the placebo group a
classical eschar developed. The one exception was an American volunteer,
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who had no past history. ot _crb_ typhussn.ppr.- xsting s rbtyphu
antibody, but had had several years of occupational (laboratory) exposure
to scrub typhus rickettsiae.

Between days 7-11 PCA, nine of the placebo group and one of the drug
group were hospitalized with presumed scrub typhus (Table 1). The clini-
cal diagnosis wae. sub~equent ycon~frItAbytatjgno rickettsiae from
blood with or without a four-fold rise in indirect FA titer.

TABLE 1. Scrub typhus in subjects reiving placebo or doxycycline
prophylaxis*

-- ___"__Numuber of subeqts with

- -ou Scru yphus- No disease

Placebo 9 1

Doxycycline 1 9

* p - 0.001 (two-tailed test of significance by Fisher's exact probability
test).

The one placebo subject not diagnosed as having scrub typhus had
pre-existing antibody. He never had fever but formed an eschar and in the
third week PCA, as the eschar healed, developed generalized lymphadeno-
pathy. He was not treated and recovered spontaneously.

The nine subjects in the doxycycline group who did not become ill
reported some symptoms in the period from days 9-24 PCA. Malaise was the
most common complaint, with abdominal pain and arthralgia occurring less
frequently. In several volunteers there was a waxing and waning both of
the minimal induration at the chigger attachment site and of the adjacent
lymphadenopathy. Three subjects had intermittent fever <37.3C. Symptom
were maximal at the time of the next dose and resolved within 24 hours of
medication. After day 24 PCA all symptoms were absent. However, in the
fourth week PCA, five of the nine had a mild generalized non-tender lymph-
adenopathy.

Post-prophylaxis period. Ten to 14 days after the last dose of
doxycycline, eight of the nine remaining subjects reported or exhibited
further abnormalities that lasted up to seven days. These included
malaise (fourcases), abdominal pain (two cases), arthralgia (one case),
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and lym!phadenqpathV (seen _casep) Three subjects had low-grade fever
(<37.6C) for one, two and four days. All these abnormalities were self-
limiting. The volunteers were able to continue their normal duties except!
for one who was given sedentary work for one day.

Therapy. Subjects with scrub typhus were treated on the third day
of disease, 48-64 hours after fulfilling the diagnostic criteria. Within
36 hours of receiving their single dose of doxycycline, all 10 patients
with scrub typhus were afebrile and virtually symptom-free. However,
five to ten days after therapy,_ all experienced a recurrence of one or
more symptoms - headache, malaise, myalgia, arthralgia, photophobia. Six
of the 10 were treated for relapse. A seventh patient had such severe
constitutional symptoms, combined with tender hepatosplenomegaly and
generalized lymphadenopathy, that he also was treated for a relapse. A
week long course of tetracycline brought about rapid recovery in all
seven subjects, and there were no further relapses. The three subjects
with milder symptomatology, but no fever, recovered spontaneously.

Hematology. There was no characteristic alteration in total or
differential leukocyte counts in the 10 subjects treated for scrub
typhus. Platelet counts were <200 X 109/1 in eight subjects during their
acute illness, and in two of these the counts were<150 X 109/1. There
were no sequelae of the thrombocytopenias.

Biochemistry. One placebo subject had a mild elevation of aspartate
aminotransferase (AST) during his acute scrub typhus infection. All

Jother values of AST, lactic dehydrogenase, alkaline phosphatase, urea,
and electrolytes were normal for all subjects in the study.

Evidence of infection. All subjects had rickettsiae isolated from
peripheral blood at some stage during the study. In those developing
scrub typhus, rickettsemia was demonstrated up to three days prior
to the onset of fever and was frequently present three days after
apparently successful therapy, when the subjects had neither fever nor
symptoms. No rickettsiae were isolated from blood drawn at the time of
relapse after single-dose therapy.

All placebo subjects and all but one doxycycline subject had at
least four-fold rises in indirect FA titer to one or more strains of
R. tsutsugamushi. The one exception was the sole failure of doxycycline
prophylaxis; he had a low pre-existing indirect FA titer that remained
unaltered despite clinical scrub typhus (with rickettsial isolation on
four successive blood samples) and relapse.

Volunteers receiving doxycycline and remaining well developed
significant antibody titers during the fourth week PCA. This

a. Z ' 0



TWARTA, SHIRAI, SELVARAJU, SAUNDERS, HUXSOLL, & GROVES

corresponded to the time that most had a mild generalized_ 1 hadenopAthy.)
Antibody titers were declining in most subjects by the end of the seven
wee)- prophylaxis period. In the subsequent two months, however, three
subjects had a significant rise in antibody titer and four other subjects
had consistent two-fold rises in antibody.

Discussion

We conclude from our data that doxycycline in weekly 200 mg doses
provides effective chemoprophylaxis of naturally transmitted scrub typhus
if prophylaxis is started before exposure to infection and continued for
six weeks after exposure (p - 0.001).

Laboratory-reared chiggers from our colony have previously been used
to transmit scrub typhus to three volunteers (19). The isolation of

- R. tsutsugamushi from all 20 volunteers in this study further attests to
the reliability of this method, which simulates a naturally acquired
infection.

The question arises why weekly prophylaxis is effective. Chlor-
amphenicol and the tetracyclines are bacteriostatic agents and their
roles in the therapy of scrub typhus are attributed to suppression of
rickettsial growth while the body develops an immune response (25).
Rickettsiae have slower in vitro growth characteristics than most other
bacteria, having a doubling time of approximately 10 hours (27).
Appropriately timed prophylaxis can therefore allow sufficient increase
in the antigenic load to induce immunity while preventing overt disease.

We have compared very closely the results of our study with those
from previous scrub typhus chemoprophylaxis trials using chloramphenicol
(5,28-30). Using an artificial method for inoculating rickettsiae,
Smadel et al derived a prophylactic regimen (30) that provided protection
without any symptoms either during or following the prophylaxis period.
However, in all their studies employing natural means of infection and
lasting longer than three weeks, they noted fever >37.8C during the
second and third weeks of prophylaxis around the time of the next dose
of prophylaxis. The number of rickettsiae transmitted by each chigger
in a naturally acquired infection is unknown but may well be greater
than the dosage used in inoculation studies (29,30). The symptoms re-
ported by our volunteers in the second and third weeks were mild by
comparison, and fevers, all,37.3C, were observed in only three subjects.
Some immunity is presumably developing by the time these symptoms com-
pletely disappear because significant antibody levels were found in eight
of our nine subjects at this time.
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- If we asweta~fe~orhalf-lives neither drugt is sppesi e.
then a once weekly dose of doxycycline (t1% 15 hours) would be effective
for 60 hours, with a therapeutic hiatus of 4.5 days. Equivalent therapy 1
would be achieved with chloramphenicol (t 2.5 hours) given every five
days. Approximately this interval was used in a Gilliam strain inocula-
tion study (29), and mid-prophylaxis fevers, but no late symptoms, were
observed in subj¢cSywho ecetkv#_._prhy axis for at least 21 days. With
a slightly shorter interval (29), complete protection with no symptoms
was achieved following the inoculation of Karp strain.

Minor modifications to our regimen aht achieve a similar result.
For example, a six day interval and a slightly lower dose may permit
optimal rickettsial multiplication to stimulate imunity while preventing
clinical disease. Although doxycycline is moderately expensive, our
prophylaxis regimen may have a role in preventing scrub typhus in
_p r exosed to infection in high-risk areas. Further-
more, doxycycline may be appropriate for use in a combined chemopro-
phylaxis-living vaccine using several strains of R. tsutsugamushi. Long-
lasting homologous iimunity develops after infection suppressed with
chloramphenicol (31), and we expect similar imuunity after doxycycline
prophylaxis. Also we have found recently that some strains which are
virule-i-for laboratory animals protected monkeys against a subsequent
challenge with a virulent strain (unpublished results). This may simplify
the choice of vaccine strains.

The demonstration of rickettsemia as early as three days before
clinical disease and for as long as three days (five days in one case)
after apparently successful therapy extends previous data (30,32). Only

thosethose who relapsed had rickettseala demonstrated two or more days after I

initial therapy but we were surprised at our inability to isolate
rickettsiae from blood collected at the time of relapse. The symptoms
experienced by the majority of the doxycycline group during the post-
prophylaxis period were probably due to the multiplication of rickettsiae
that was insufficient to cause serious clinical disease. Although no
rickettsemias were demonstrated at this time, three subjects had sig-
nificant rises in antibody titer and four subjects had one dilution
rises in titer after prophylaxis was stopped.

Our findings on eschar formation were different from previous
reports of scrub typhus chemoprophylax 1 r. Although Alson et al (16) in a
doxycycline field study did observe eschar in some prophyl7is-subjects,
these subjects were necessarily failures of prophylaxis by virtue of their
study design. Smadel et al (29) found eschar in eight of 28 prophylaxis
subjects who were inoculated with rickettsiae intradermally. However,
in field studies, Smadel et al (5) did not observe classical eschar in
any prophylaxis subject. Similarly, none of our prophylaxis subjects,
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not even the one failure, developed eschar.

All eight Asian subjects in our control, regardless of their pre-
existing antibody titer, developed classical eschar. The incidence of
eschar in both non-immune and inune Asian subjects has been reported
to be very low (28,33). Our data do not support the hypothesis that
partial inaunity revents eschar formation. even though generalized disease
might occur (28). The large number of chiggers attaching to some volun-
teers does not explain the high frequency of eschar in our control group.
Even two chiggers were sufficient to cause eschar and disease in one
Malaysian volunteer. Furtherore, our method of transmitting infection
may not have been very different from the natural situation because
chiggers in nature tend to cluster in one area on the body before
attaching.

..The oor results of early single-dose doxycycline therapy for scrub
typhus were not unexpected. Previous qxperience with chloramphenicol and
terramycin showed a high incidence of relapse after short courses of
treatment early in the disease (26). The originators of single-dose
doxycycline therapy for scrub typhus (14) were unable to draw any con-
clusions on the merits of early treatment because their patients were
treated on mean day 10 of disease. We believe that antibiotic treatment
for scrub typhus should span at least seven days unless therapy is startedl

late in the disease.

The findings of this study have provided the basis for a recommenda-
tion that military personnel deployed to a scrub typhus endemic area be
given weekly doses of 200 mg doxycycline to protect them against the
disease.
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